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Abstract 
The paper discusses the awareness of photovoltaic technology among the young architect in Malaysia. A survey has 
been done to know how much their knowledge about the photovoltaic technology. It also discusses the main problem 
to design with BIPV. Furthermore, this paper highlight the PV potential in Malaysia on how PV can reduce the 
electricity demand in a building, what are the benefit from extra PV yield and also PV as the environmental friendly 
technology. 
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of the Centre for Environment-
Behaviour Studies (cE-Bs), Faculty of Architecture, Planning & Surveying, UniversitiTeknologi MARA, Malaysia. 
Keywords : Photovoltaic; photovoltaic awareness;  photovoltaic potential; photovoltaic role of thumb 
1. Introduction 
Nowadays, green technology development is gaining a lot of intention not only as apersonalinterest, it 
is also attracting a lot of parties to adopt the green technology as part of their daily life. One part of the 
green technology is photovoltaic (PV) technology. According to PeterGevorkian, 2008, photovoltaic (PV) 
or solar cell is an electronic device essentially can convert the solar radiation or solar energy into electric 
energy or electricity. Furthermore, the photovoltaic cell can produce electricity energy as long as there is 
still sunlight. PV production will be reduced in the evening or during cloudy season. It will totally stop 
during dusk and will resume again in the early morning (Gevorkian P., 2008). Therefore, Malaysia is one 
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of the countries that have the potential to use and implementphotovoltaic as one of the green energy 
resource because of the strategic geographical location.  
In Malaysia, photovoltaic technology still consider as a new technology because it has not yet been 
widely used.Even though,photovoltaictechnology is still new, but there is a lot of research still in progress 
to develop the photovoltaic panel in order to suit the local climate. As known, Malaysia is located in a 
tropical region country and receives a lot of sunlightin the day time (Sharifah, 2012). Therefore, Malaysia 
has a high potential to implement the building integrated photovoltaic (BIPV) system in each building as 
part of the renewable energy resource. This is because BIPV can produce energy from an unlimited source 
which can be used for a long-term usage. In an urban area, there is a BIPV grid connected which it is aim 
to help support the local electric company to produce electricity and reduce dependency on conventional 
energy production (Sediadi, 2010) 
In the urban area, the electricity demand is very high and even several times higher than the rural areas. 
Thus, the local electric company facinga problemand sometimes fail to provide enough electricity supply 
for the urban area. The demand keeps increase when there is an increment in urban population and 
building density(Sediadi, 2004). 
Therefore, this paper will discuss the photovoltaicawareness among the young generation of architect 
in Malaysia. This paper will also highlight afewphotovoltaic potential that can encourage people to use it 
and apply it in their building design. It also discusses how architects can calculate the rough amount of PV 
yield in their building design base on the proposalrule of thumb by the writer. Furthermore, discussion 
will also highlight about how much the building owner can get if they contribute the BIPV system extra 
electricity production into the local electrical gridline base on the tariff that provided by SEDA. Another 
topic that will be discussed in this paper is about the PV’s carbon dioxide (CO2) emission that will be 
produced while it operated. 
Hopefully at the end of the paper, readers especially who come from the architectural background: will 
aware and realise that photovoltaic is a very potential energy resource that can give benefit to the user. PV 
not only can contribute energy to the owner. It also can provide extra electrical power for others and at the 
same time create a sustainable cultural in the built and natural environment. 
2. The PV awareness level among the young architect in Malaysia 
All affairs in Malaysia include business, tourism activity, telecommunication, traffic system, daily life 
and others highly depending on the electrical energy. The demand of electricity energy increasing every 
year according to TNB statistic and these will continue each year (M D Al-Khairy, 2012). These make the 
government concern about the amount and the capacity to produce electrical energy. As far as we know, 
Malaysia has no energy source other than the existing energy resources. By being too dependent on one 
source only, the blackout tragedy in August 3rd, 1996 happens. It is enough to make the country paralysed 
for three days. Because of the blackout, all big cities in Malaysia become hustle and bustle, the traffic 
flow disrupted, business and factories operation had to be stopped (Mowardi M. &Johardi I., 2006). This 
tragedy causes millions of losses (Hafiz, 2012). In addition, Malaysia should not depend only on one type 
of resource to produce electricity energy. The best choice that can be the alternative solution is by using 
photovoltaic technology.This technology can produce electricity from the unlimited source which is from 
the sun radiation. 
There are so many ways photovoltaic can be used to generate electrical power. Some of them use to 
supply electricity for the bus stop, public telephone, CCTV, road Signage, traffic light, and many more. 
Some countries also usephotovoltaic as an electric power generator by having a photovoltaic power plan 
(Prasad D., 2005). The most popular choice to use the PV system is by integrating it within the building 
facade. Therefore, the architect should play the pivotal role in order to produce a better design to integrate 
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the PV system with their building design (Prasad D., 2005). If architects can design very well with the 
BIPV system, it will create a phenomenal in Malaysia and be part of the Malaysian culture to have PV in 
their building. Unfortunately, currentlythis is not what happens in Malaysia.  
A survey had been done among the young architect in Malaysia. The purpose of the survey is to know 
their knowledge about photovoltaic and how much they familiar with the technology. The survey focuses 
on architect age 25 to 30 years old as the main target group. This is because they are categorized as a 
young architect and the future architect of the country who will implementing the PV technology in their 
building design. In general, to shape a future sustainable environment and to implement the PV 
technology, we must start from the very beginning which educates the new generation. Therefore, the 
selection of the young architect in the survey is important to know either they know or not about 
photovoltaic technology. 
In the survey, 31 numbers of  respondenthave participated. As shown in figure 1, the survey found that 
94% of the respondent know about photovoltaic technology.  This shows that PV technology is no longer 
a new thing among the architect in Malaysia.  
 
 
 
 
 
 
 
 
 
 
Fig. 1. A percentage PV knowledge among the respondents 
 
 Most of the respondents think that PV has a lot of advantages. 61% respondent gives a positive 
response. Some of them think that PV system can provide us with an infinite free source of energy, 
pollution free, renewable energy, and economic for a long-term usage.  
 
 
 
 
 
 
 
 
 
 
Fig. 2. PV implementation in building design 
They also suggest that PV technology in Malaysia should be explored more as an advanced technology 
in building design. To them, it is also an alternative energy source  that can challenge people’s skill and 
knowledge to experiment and improve the PV invention in order to integrate it with the building design. 
The respondents also agree that PV technology is an energy saving technology because it is not based on 
non-renewable energy. The PV generates the energy from an inexhaustible source, which is from the solar 
radiation.  
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 Meanwhile, 8 (26%) of the respondents think PV have disadvantages. They think it is an expensive 
technology with a high installation cost and not practicable for a small scale project. Some of them think 
it is not suitable for tropical countries because of the cloud formation that can reduce the PV production. 
The other 13% did not sure about what are the advantages and disadvantages of photovoltaic, but they do 
know about the technology. 
2.1. Photovoltaic (PV) implementation in building design 
In the survey, althoughmost of the respondent knows about PV technology but only 23% (7) of 
themimplemented PV in their building design such as the mosque and commercial building. While the 
others 77% (23 persons) respondent, did not apply the PV technology. This is may be because of the 
client did not convince with the design scheme. Some of the client did not require or do not want PV on 
their building facade. The client may be afraid the PV will ruin the building facade scheme. This is can be 
proven in the survey which is 79.3% (25 persons) of the young architect would like to implement the PV 
system in their building design if they have the opportunities.   
The other reason why most of the architect did not include PV in their design is because they lack 
information about BIPV system. This is proven in the survey which shows that 78% of the respondent 
does not know about the PV price. Without knowing the PV basic knowledge, will not have the 
opportunities to convince the client implement the PV in their building. 
2.2. The PV calculation knowledge among the respondent 
A good building integrated photovoltaic (BIPV) design starts at the beginning of the building design 
concept. In order to do that, the architect should know how much PV panel they need to supply an enough 
power to support their building design. Unfortunately, there is no simple method that can help the 
architect to calculate the rough amount for PV needs. Even though, there is a method to calculate the PV 
yield and needs for building, but most of the method is very complicated and need a deep understanding 
because it was designed for engineer usage and not the architect.  
 
 
 
 
 
 
 
 
 
 
Fig. 3. The percentage of people who able to calculate the PV needs for the architect 
In the survey found that, only 16% of the architects know how to calculate the PV requirement in their 
building design. While the others 45% refer to the supplier, 26% refer to engineers and 13% refers to 
others. The survey shows that most of the architect did not calculate the PV needs for their building. 
These will limit their design ability because they need to wait for the other consultant to calculate for 
them. As the result, they end up with completing the building design first without considering the PV 
needs and they end up making the PV panel as the building parasite. 
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2.3 Survey conclusions 
As the conclusion of the survey, each respondent who knows about PV technology have their own 
perception and their own opinion about PV system. Some of them want the Malaysian government 
encourage people to implement the PV in their building as part of the green environmental requirement. 
They also think that PV installation should be considered as part of the building feature so it will not look 
odd upon installation. The price of the PV systemis one of the reasons why people take consideration to 
implement this technology. They want the government to control the PV price and be more affordable. 
In addition, the Malaysian government already gives incentive to any building that apply the PV 
system in their building. It will be rating using the Green Building Index rating tools in order to promote 
and increase the usage of the green technology in Malaysia (GBI, 2012). 
Therefore, most of the respondents agree that PV is an important element for the future need. A simple 
way for the architect to calculate the rough amount of PV is important in order to help the architect 
determine PV panel mount in their preliminary design. 
3. PV calculation: Developing the rule of thumb 
Malaysia is a very potential country to apply the PV system.As a tropical country, Malaysiareceives a 
lot of sunlight start as early as 7 a.m. until 7 p.m., which is twelve hours a day.  Although Malaysia has a 
huge potential to use the photovoltaic as one of the energy sources, however the usage of the PV is still 
very small and minimum among the Malaysian.One of the problems is about designingbuildingswith 
BIPV.The architect inabilityto calculate the rough amount of  PV yield make them design the building 
without considering the PV system, makes the building look unattractive. 
In this section, the writer introduce a simple equation that will be developed as the role of thumb for 
the architects to calculate the PV needs in their building design. Using this method hopefully it will help 
calculate the rough amount of PV needs in their building. So they can implement the PV system in a 
better building design. 
The simple equation that has been chosen hadconsidered a few matters, which is an important factor in 
the PV calculation. The component factors are the sum of solar radiation, the PV area, and the efficiency 
of the PV system and 20% PV yield effectiveness reduction (Sediadi, 2004). By assuming that the 
shadow casting was zero on the PV surface and all the building roof considered as a flat roof, the equation 
that will be used is (Weik, 1986) : 
            E = GdxApvx ŋ 
 E = PV electricity Product (kWh/d) 
Gd = Sum of solar radiation (kWh/m²d) 
Apv = The PV surface area 
 ŋ = Efficiency of PV system (0.1-.02> Base on type & material PV cell) 
There is other equation that has been used to calculate the PV, for example the one that have been used 
by Deo Prasad (2005) in his book “Designing With Solar Power”. The equation is almost like 
Wiek(1986) equation, but the equation symbol is different, and it was developed according to the 
Australia’s  weather condition.  The second comparison has been donewith an equation that used by 
Stephen Wittkopf (2012) in his journal paper. The equation that used by Stephen Wittkopf is more 
complicated and need a deep understanding. It is more to engineering calculation that calculate into detail. 
The equation has been used in Singapore which the climate is almost the same with Malaysia and because 
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of the complexity,it's not a good choice to develop as the PV role of thumb calculation for architects 
usage. 
Therefore, the Wiek’sequation that has been used by Sediadi (2004) in his journal is the simple choice 
to be used for PV yield calculation in Malaysia. It is not only easy to understand but also have been 
proved by Sediadi,which it can be used in Jakarta, Indonesia, another tropical country near to Malaysia.  
4. Photovoltaic potential to support the building energy system 
After knowing the simplified method to calculate the PV yield approximate amount for any building 
design, now we can calculate how much PV system can support the building energy. To fulfil that 
purpose, the writer chooses a few existing buildings in UniversitiTeknologi Malaysia (UTM) as a case 
study. All selected buildingshavedifferent energy consumption. Therefore, the most important 
information that needs to be evaluated for each building is the monthly total electrical energy 
consumption and the building roof area. A year of electrical energy consumption record for each building 
has beenreviewed. Only the maximum and minimum monthly energy usage will be calculated for the 
evaluation. For this exercise, the writer will choose a collection of 2011 electrical energy consumption 
only. 
Another important part that will be considered in the calculation is the solar radiation. Therefore, a 
summary of solar radiation data for 2011 from the Malaysian Meteorological will be used a total of 
3.77kWh/m2 per day will be used in the PV yield calculation (Malaysian Meteorology, 2011).  
The selected buildings are displayed in table 1 with all the total roof area and the monthly maximum 
and minimum energy consumption; 
Table 1. Case study building types with roof area and electricity consumption information 
No. Building Type Roof Area (m2) Electrical Consumption (kWh/month) 
1. Sultan Iskandar Convocation Hall 4,943.40 Jan 183,804.00 
Feb 37,085.00 
2. Block B02-Lecturers room, studios & lecture rooms 1,513.52 May 23,767.00 
Jul 5,077.00 
3. Block B04-Studios & Workshop 689.37 May 3,369.00 
Aug 493.00 
4. Block B05- Lecturers room, studios & lecture rooms 1,373.57 May 24,973.00 
Jul 2,134.00 
5. Block N01 - Faculty Admin Office 2,565.51 Sept 65,421.00 
Jul 35,401.00 
 
When the information is complete, the Wiek equation will be used to calculate the PV yield for every 
selected building. Subsequently, it will be compared with the electrical consumption that had been used 
by each building. By doing these calculations, we will see how much PV system can cover the electricity 
consumption if we use the whole roof area (which considered as a flat roof) as part of the PV panel to 
produce energy. Table 2 below show the result of the PV calculation for each selected building. 
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Table 2. PV yield  calculation  and its percentages to support the monthly building energy consumption 
No. 
Building Type 
Electrical 
Consumption 
(kWh/month) 
Solar 
Radiation 
(kWh/m²/d) 
PV 
Generator 
Efficiency 
PV yield/Day 
(kWh/m²/day) 
Efficient 
Reduction 
(20%) 
PV 
yield/month 
(kWh/m²/m) 
PV Yield 
supply 
% 
1. 
Sultan Iskandar 
Convocation 
Hall 
Jan 183,804.00 
3.77 0.10 
1,863.66 1,490.93 
46,218.81 25.15 
Feb 37,085.00 41,746.02 100 
2. 
Block B02-
Lecturers room, 
studios & 
lecture rooms 
May 23,767.00 
570.60 456.48 
14,150.81 59.54 
Jul 5,077.00 14,150.81 100 
3. 
Block B04-
Studios & 
Workshop 
May 3,369.00 
259.89 207.91 
6,445.33 100 
Aug 493.00 6,445.33 100 
4. 
Block B05- 
Lecturers room, 
studios & 
lecture rooms 
May 24,973.00 
517.84 414.27 
12,842.33 100 
Jul 2,134.00 12,842.33 100 
5. 
Block N01 - 
Faculty Admin 
Office 
Sept 65,421.00 
967.20 773.76 
23,212.73 35 
Jul 35,401.00 23,986.49 67.76 
 
Based on the PV energy support percentages in table 2, found that some of the electrical energy for 
selected building can be fully supported by the PV yield either in the peak time or off-peak time. While 
for some building which have a very high electricity consumption for the whole year, the PV yield still 
can give support more than 50% of the electrical energy and reduce the usage of local electrical supply. 
Therefore, we can see the big potential of using photovoltaic as part of the energy system in our building. 
This also shows how important a good roof design which can provide space for PV system that can give 
benefit to us. An enough roof space for photovoltaic can provide enough energy for the propose building. 
Italso can give an extra energy that can help to support others.  
5. Extra PV yield gives benefits to the user 
Photovoltaic system is a system that can produce electrical energy as long as there is sunlight or solar 
radiation. Even though, we do not use the energy, PV will still produce an electrical energy until sunset 
time. For BIPV with a storage system, they can keep the extra energy in it. While PV system that has no 
storage system will continue to channel the electrical power into the local electrical gridline.  
In Malaysia, the PV energy system is controlled by The Sustainable Energy Development Authority 
Malaysia (SEDA). SEDA plays a role to administer and manage the implementation of PV systems in any 
building. They also introduce The Fit In Tariff (FiT) as a mechanism to measure and determine the 
specific tariff on the electricity that have been channeled to the local electrical Gridline. The tariff has 
been mandated under the Renewable Energy Act 2011 [Act 725] (SEDA, 2012). Table 3 shows the tariff 
provided by SEDA as the reference for the tariff calculation. 
A different building function will present a different range of energy usage. An office will use more 
energy in daytime but less at night while a house will use more energy at night but less at daytime. In the 
case study, the selected buildings are categories as an office building. Most of the building will start 
operating from 8am until 5pm which is nine hours of peak time and maximum energy usage. Figure 4 
shows the chart of daily energy use in UTM which highlight the peak time for electrical usage in the 
office building (Masilah, 2012). 
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Table 3. SEDA’s Fit In Tariff (FiT) program for PV yield calculation 
 Discroption of Qualifying Renewable Energy Installatio FiT RATES (RM per kWh) 
 Basic FiT rates havinf installed capacity of: 2012 2013 2014 
i. Up to and including 4kW 1.2300 1.1316 1.0411 
ii. Above 4kW and up to and including 24kW 1.2000 1.1040 1.0157 
iii. Above 24kW and up to and including 72kW 1.1800 1.0856 0.9988 
iv. Above  72kW and up to and including 1MW 1.1400 1.0488 0.9649 
v. Above 1MW and up to and including 10MW 0.9500 0.8740 0.8041 
vi. Above 10MW and up to and including 30MW 0.8500 0.7820 0.7194 
 
In this topic, the writer choose the same building, and the roof area is considered as a flat roof that 
have been installed with BIPV system. Theoretically, the sun radiation will last for 12 hours, but the 
operational hour for the office building in UTM is only for 9 hours. Therefore, there will be an extra 3 
hours which the energy usage will be less as shown in figure 4 but the PV performance is still at the 
highest level. Thus, the extra PV yield will be channeled to the local electrical grid line and the PV 
system owner will gain some money from the extra power, which it will be issued in their account.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.The chart shows the electricity energy usage in UTM for an office building  
Source: Masilah (2012) 
Table 4 and 5 below show calculation on how muchelectrical energy can be gained in the off-peak 
hour and table of Ringgit Malaysia amount base on the FiT program. In the calculation, the energy 
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consumption for the off-peak hour will consider as zero and 2013 SEDA’s FiT tariff will be used as the 
basic rates in the calculation. 
Table 4. PV yield table calculation base on the peak hour and off-peak hour 
No. Building Type PV yield/Day (kWh/m²/day) 
Efficiency 
Reduction (20%) 
PV yield Peak 
Hour (8hrs) 
kWh/m² 
PV yield off-peak hours 
(4hrs) kWh/m² 
1. Sultan Iskandar Convocation Hall 1,863.66 1,490.93 1,118.20 372.73 
2. Block B02-Lecturers room, studios & lecture rooms 570.60 456.48 342.36 114.12 
3. Block B04-Studios & Workshop 256.89 207.91 155.94 51.98 
4. Block B05- Lecturers room, studios & lecture rooms 517.84 414.27 310.70 103.57 
5. Block N01 - Faculty Admin Office 967.20 773.76 580.32 193.44 
Basedon the finding table 4, it is found that photovoltaic not only can reduce the usage of conventional 
electrical energy, but it is also can help reduce the energy cost by selling back the unused energyin off-
peak hours to the local electrical company.  
Table 5. PV yield FiT rates calculation table 
No. Building  Type 
PV yield off-
peak hours 
(3hrs) 
kWh/m² 
PV Rates i 
RM1.13         
(up to 4kW) 
PV Rates ii 
RM1.104      
(4kW-24kW 
PV Rates iii 
RM1.0856 
(24kW-
72kW) 
PV Rates iV 
RM1.0488 
(72kW-1MW) 
Total 
(RM) 
1. Sultan Iskandar Convocation Hall 372.73 RM4.52 RM22.08 RM52.11 RM315.41 RM394.14 
2. 
Block B02-Lecturers 
room, studios & 
lecture rooms 
114.12 RM4.52 RM22.08 RM52.11 RM44.17 RM122.88 
3. Block B04-Studios & Workshop 51.98 RM4.52 RM22.08 RM30.37 - RM56.97 
4. 
Block B05- Lecturers 
room, studios & 
lecture rooms 
103.57 RM4.52 RM22.08 RM52.11 RM33.11 RM111.82 
5. Block N01 - Faculty Admin Office 193.44 RM4.52 RM22.08 RM52.11 RM127.37 RM206.07 
 
6. Photovoltaic as an environmental friendly &cleaner technology 
Photovoltaic known as a pure environmental friendly technology. This is because it can produce an 
unlimited electrical energy without polluting the environment. It does not produce any smoke that can 
damage the ozone or gas that can cause air pollution. Furthermore, it is also a technology that does not 
produce any liquid that can contaminate any waters.Therefore, it is considered as a reliable energy 
generator and should be used as a sustainable technology that can sustain the world as a better place. 
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Even though, the PV technology is known as a clean energy generator, but it still creates a carbon 
dioxide (CO2) footprint. A ‘carbon footprint’ is the amount of CO2 and any other greenhouse gases, 
produce over the life cycle of a product or a process of making something(Postnote, 2006). Even though, 
PV also produce CO2, but in its over lifetime installation it producesan average of 30 times fewer CO2 the 
the coal power (Burkart, 2010). This makes the PV technology as part of the low carbon electrical energy 
generated such as hydro, wind and nuclear. Figure 5 shows the carbon footprint of PV systems compared 
to other different electricity sources (Montoro, 2010). Base on the chart we can see that the PV’s 
CO2emission is much lower than the conventional method to generate the electrical energy. Furthermore, 
most of the researcher does a comparison among country that already used the PV technology as part of 
their energy source. Figure 6 shows some comparison made by several researchers between three 
countries, which is Japan, Sweden, and Finland (Burkart, 2010). In the figure 6 shows that PV’s CO2 
emissions are still among the lowest CO2 energy producer. This proves that PV systems are the best 
choice to generate energy in order to sustain the environment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Carbon footprint of different electricity sources   
Source: Montoro (2010) 
In the UK, the life cycle for PV power systems CO2 emission are currently 58gCO2eq/kWh. While in 
the southern Europe is 35gCO2eq/kWh because they found that there is more Sunlight (Postnote, 2006). 
However, this CO2 emission reduction is expected in the future due to the development of thin-film 
technologies, which use a thinner layer of silicon and semi-conducting material.  
Knowing that the PV CO2footprint is part of the lowest CO2 emission produceramong theenergy 
generator;this make it as one of the potential energy source that should be explored more in Malaysia. 
The photovoltaic technology produces less pollution and the architect should suggest or implement the 
technology in each of the buildings that they design.  
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Fig. 6. Carbon emission for electricity generation  for three PV country  
Source: Burkart (2010) 
7. Conclusion 
In Malaysia, the photovoltaictechnology knowledge among the young architect still can be considered 
as newknowledge, and they have aevery low exposure to it. They did know about PV technologies, but 
they did not have achance to practice it because of the limited knowledge and low demand from clients. 
Therefore, the youngarchitect’s generation should be more concern about this technology. PV technology 
will be the future energy source for the world towards the sustainability life. 
The architect should not limit their ability to create a better way to integrate PV system in each 
building they design. When they always depend to others consultant to calculate the PV yield, it will limit 
their ability to produce a better design. Thus, they should use the simple calculation that have been 
proposedto calculate the estimated amount of PV yield and PV panel that they need. Once knowing it, 
they can design a better BIPV. By presenting a desiredBIPV design, this will encourage the usage of the 
PV technologyand thereby increase awareness among the Malaysian.  
As a conclusion, PV technology has a lot of benefit because it can sustainability generate electricity 
energy using inexhaustible source. Every house in the future will have this technology because it is a 
green technology without pollution whichhelps to save the world from having more pollution. Thus, the 
architect should play the main role to attract people to use it and invest in this technology in order to 
create a better world for living.  
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